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MICROMETEORITE IMPACT ON THIN FILMS: NUMERICAL SIMULATION; E.S. 
Gaffney and D.A. Hyndman, Ktech Corp., 901 Penna. NE, Albuquerque, NM 87110 

The hypervelocity impact of spherical particles into. thin films has been 
modelled using the dynamic finite element code PRONTOZD [I] to determine the 
extent of attenuation of the resulting narrow stress pulses as they propagate 
into the particles. This has been done to support the design of a thin film 
micrometeorite catcher for eventual application of a space station [2]. 

The particles were modelled as gabbroic anorthosite using an elastic- 
plastic hydrodynamic constitutive model and a Tillotson equation of state [ 3 ] .  
The model does not allow explicit calculation of tensile failure, but merely 
sets a maximum value for mean tensile stress (4 GPa in our calculations). The 
behavior above the compressive yield, taken at 10 GPa to simulate the strength 
of a small single crystal, can be either strain hardening or constant shear 
stress. The thin film was modelled as mylar with an elastic-plastic hydro- 
dynamic constitutive model, yielding at 100 MPa in both compression and 
tension. For volume response we used a Tillotson equation of state fit to the 
poorly known shock properties for mylar [4]. The Tillotson parameters for 
both materials using the nomenclature of [5] are given in Table 1. 

Table 1. Tillotson equation of state parameters. 

Material (kg/m3) (MJ/kg) (GPa)(GPa)(MJ/kg)(MJ/kg) 
Gabbroic 2936 0.5 0.145 489 70.5 75.1 4.72 18.16 5. 5. 
anorthosite 
Mylar 1210 0.05 0.320 5.83 5.18 22.15 0.26 4.4 5. 5. 

PRONT02D does not have capability for rezoning so we could not obtain 
stable results during jet formation which occurs as the impact becomes oblique 
part way up the particle. To eliminate jetting, we only included the foil out 
to about 0.5 particle radii. This limits the accuracy of our calculated 
results near the edges of the particle but less than 10 percent of the volume 
of the particle is outside of the radius impacted. 

Calculations were done for impact velocities of 5, 8, 15 and 25 kmls, and 
with the ratio of foil thickness to sphere diameter between 0.1 and 0.01. 
Typical results are shown in the accompanying figures. On the left are three 
sets of stress contours at different times for a 8 kmls impact with a foil-to- 
particle ratio of 0.01; similar plots for a thicker foil are on the right. 
Initial impact stresses are about 70 Gpa in both cases. By 1.5 ns the planar 
stress wave propagating into the particle has decayed to 16 GPa for the thin 
foil but is still at 60 GPa for the thicker one. By 5 ns the waves are near 
the center with peak compressions of 10 and 18 GPa. Tensile stresses of 3 GPa 
follow the wave. By 14 ns the wave has reflected from the rear surface and 
the region around the antipode is in tension, near 4 Gpa for the thin film and 
over 10 GPa for the thicker. Such large tensions will cause the particle to 
shatter, but melting and vaporization should be confined to the impact region. 
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Figure 1. Vertical component of stress in gabbroic anorthosite particles 
impacted by mylar foils with thicknesses of 0.01 diameters (left) and 0.05 
diameters (right) at three times after impact: (top) 1.5 ns, (middle) 5 ns, 
(bottom) 14 ns. Value of contours varies from plot to plot, see text for 
discussion of amplitudes. Peaks in compression are shown by @, and peaks in 
tension are shown by *. Dimensions are in pm. 
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